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FLOW FIELD OF A SWEPT -WIBG FIGHTER-BOMBER 
COBF IGURATIOW AT A MACH NUMBER OF 1.6 
By Douglas J. Geier and A. Warner Robins 

SUMMARY 


Forces and moments on a fighter-bomber airplane configuration with 
an open bomb bay and on two bluff bomb shapes located in various posi- 
tions below the fuselage and in the plane of symmetry of the airplane 
were measured in the Langley 4- by 4-foot supersonic pressure tunnel at 
a Mach number of 1.6l. These data were taken as part of an extensive 
program in which static force and moment measurements on various bombs 
in the flow field of an airplane configuration could be used to predict 
the bomb motions and drop paths in the immediate vicinity of the air- 
plane. Bo drop-path calculations, however, are presented in this paper. 

The data indicate that the wing has a noticeable effect on bomb 
forces and that these bluff bombs affect the longitudinal characteristics 
of the wing-fuselage combination as the strong shocks from the bomb pass 
over the airplane horizontal tail. 


IBTRODUC.TIOB 


This investigation is an extension of a program in the Langley 
4- by 4-foot supersonic pressure tunnel for the determination at Mach 
number 1.6l of static forces and moments of various bombs in the flow 
field of an airplane configuration so that bomb-release motions and drop 
paths in the immediate vicinity of the airplane might be calculated. 
Reference 1 presents such data for several internally carried bombs 
located in the flow field of an open bomb bay and shows the method for 
calculating bomb motions and bomb drop paths . Reference 2 presents 
data for several bomb shapes tested below a closed bomb bay and below 
a swept wing. This paper presents the results of tests of two bluff - 
shaped bombs in the vicinity of an open bomb bay and gives data which 
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show some effects of these bombs on the airplane configuration (same 
airplane configuration as in ref. l) with and without horizontal tail. 
The data are presented with limited analysis. 



SYMBOLS 






drag coefficient of wing-fuselage or wing -fuselage -tail com- 
bination, 

qS 

lift coefficient of wing-fuselage or wing -fuselage -tail com- 

. . . . Lift 

bination, 

qS 

pitching-moment coefficient of wing-fuselage or wing-fuselage- 

tail combination, referred to -S., Pitching , moment 

4' qSc 

drag coefficient of bomb, 

qF 

lift coefficient of bomb, 

qF 




c 

S 


pitching -moment coefficient of bomb (moment center at bomb 

\ Pitching moment 

nose; , = 

qFZ 

mean aerodynamic chord of wing, in. 
total area of wing, sq ft 


F maximum frontal area of bomb, sq ft 

l length of bomb, in. 

q dynamic pressure, lb/sq ft 

x longitudinal distance between bomb midpoint and bomb -bay 

midpoint, in. (fig. 1(b)) 

z vertical distance between bomb midpoint and horizontal line 

drawn through the fuselage center line at bomb -bay center 
line (station 20), in., (fig. 1(b)) 
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a, angle of attack of bomb referenced to free-stream direction, 

L deg 

a^, angle of attack of wing-fuselage or wing -fuselage -tail refer- 

enced to free-stream direction, deg 


Subscript: 
i isolated 


TESTS AND METHODS 


Models and Tests 

The general arrangement of models, the fuselage coordinates, and 
the wing dimensions are shown in figure 1. The wing-fuselage combina- 
tion was designed to simulate a swept-wing fighter-bomber airplane. A 
detailed description of the airplane configuration and model setup is 
given in reference 1. 

The bombs are described in figure 2. These two bluff bomb shapes 
will be referred to in this paper as the spool (fig. 2(a)) and cylin- 
drical (fig. 2(b)) bombs. The bombs were tested in various locations 
under the fuselage in the plane of symmetry of the airplane. 

The nominal ranges of angles of attack and positions used in the 
investigation and a convenient index to the bomb and wing-fuselage con- 
figurations involved are presented in table I. 


Precision of Data 


The repeatability or relative accuracies are estimated from an 
inspection of repeat test points, zero shifts, and static-deflection 
calibrations to be as follows: 

x, in • ± 0.05 

z , in . . . ±0.10 

Bomb: 



± 0.01 

±0.03 
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Qt^ , deg • * 
Wing -f us e lage : 


C D . . 

wf 

C T . . 

wf 

c m • • 

wf 

a wf> deg 



MCA RM L5TA25 

■f tt 

..... ±0.03 


± 0.10 


±0.001 

±0.002 

±0.001 


± 0.10 


PRESENTATION AND DISCUSSION OF DATA 


Bomb Data 

Isolated bomb data .- Isolated lift, drag, and pitching -moment 
coefficients for the bombs are presented in figure 3* Schlieren photo- 
graphs of the bombs at various angles of attack are shown in figure 4. 

The flat sections of the curves of lift and moment coefficient at a = 0° 
and the hump at a = 0° in the drag coefficient curve in figure 3(a) 
for the spool bomb can be explained by inspection of the schlieren photo- 
graphs in figure 4(a). At angles of attack of -1°, 0°, and 3/4°, the 
flow over the center section of the spool has not fully separated and a 
strong shock exists before the rear flange of the spool, which produces 
the high drag shown in figure 3(a). Since at these low angles of attack 
the strong rear shock appears to be uniform about the bomb, no strong 
moments or lifts result. As bomb angle increases beyond 1 , however, 
the flow separates over the center section of the spool on the downstream 
side of the bomb. This separation reduces the' drag, and, because of its 
asymmetry, produces a restoring moment and a lift. 

Basic bomb data .- Drag, lift, and pitching -moment coefficients for 
the spool bomb and the cylindrical bomb in the presence of the airplane 
configuration are presented in figures 5> 6, 7> and 8. Table I gives 
a convenient index to the contents of these basic-data figures. These 
data are presented in the form of plots of aerodynamic coefficients 
against z. From these plots contour maps of bomb forces and calcula- 
tions of bomb drop paths can be made. 

Contour maps of bomb data .- The lift, drag, and pitching -moment 
coefficients for the spool bomb and cylindrical bomb in the presence of 
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the wing-fuselage combination are presented in contour map form in fig- 
ures 9 to 14 . The bomb midpoint is the reference point (the point at 
which the force coefficient is plotted) for these plots. The bomb and 
bomb bay are shown to scale on each plot. 

These contour maps in general show rapid changes in bomb forces 
and moments with changes of x and z. Rapid changes are also shown 
with changes in bomb angle of attack. The data in this form illustrate 
well the complexity of the flow field in which the bomb is located. An 
evaluation of the effect of these measured forces and moments on the 
bomb drop path can be obtained only by utilizing these data on the cal- 
culation of bomb drop paths, as in reference 1. 

Effects of wing . - Figure 15 shows the effects of the wing on the 

bomb forces and moments . Data taken with wing on and off show, in gen- 
eral, that the wing has a noticeable effect on the bomb coefficients. 
These effects, however, are not as significant as the effects of the 
wing on the longer bombs with fins of reference 1. 

Comparison of spool and cylindrical bombs .- A comparison of the 
spool and cylindrical bomb forces and moments in the flow field of the 
wing-fuselage combination are presented in figure 1 6. The shapes of 
the curves in general are the same and, as may be seen from the isolated 
bomb data (fig. the drag of the cylindrical bomb is less than that 
of the spool bomb. 


Airplane Data 

Basic wing-fuselage data .- The drag, lift, and pitching -moment 
coefficients measured on the wing-fuselage combination in the presence 
of the two bluff bombs are shown in figures 17 to 25. An inspection 
of these figures shows that, in general, rapid changes in the pitching 
moments of the wing-fuselage combination occur with changes in bomb 
position and that lift and. drag coefficients exhibit much less change 
with either bomb position or bomb angle of attack. 

Contour maps of wing-fuselage data .- Wing -fuselage data are also 
presented in contour maps of lift, drag, and pitching-moment coeffi- 
cients for the wing -fuselage combination in the presence of the spool 
bomb (figs. 26 to 28) and the cylindrical bomb (figs. 29 to 3l) • 

Wing -fuselage data with and without tail . - A comparison of the 
wing-fuselage force and moment data for the configuration with and with- 
out a tail in the presence of the spool bomb is presented in figures 32 
and 33. These figures give data for the configurations with the bomb 
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in a forward position (x = 2.95 inches) and a rearward position 
(x = 10.95 inches), respectively. The most significant effect is 
seen in the difference in the influence of the bomb in the rearward 
location. In this position the bow shock passing across the horizontal 
tail of the wing-fuselage-tail configuration produces a much greater 
nose-down increment in pitching moment than is evidenced for the con- 
figuration without tail. 


Effect of bomb shape . - Figure 34 presents the force and moment 
coefficients for the wing-fuselage combination in the presence of the 
spool and cylindrical bombs. The data show no significant differences 
in the effects of these two bomb shapes. 


Effect of bomb angle of attack .- It appears from the basic wing- 
fuselage data (figs. 17 to 25 ) that the effects of bomb angle of attack 
on wing-fuselage coefficients are not significant except when the bow 
shocks from the bombs are falling near the trailing edge of the wing 
or the leading or trailing edges of horizontal -tail surfaces. As the 
bomb angle of attack varies, the bow shock deforms so that, for example, 
a shock impinging on a wing or tail surface when the bomb is at zero 
angle of attack might be off the surface at an angle of attack. This 
may be seen by superimposing sketches of the bomb schlieren photographs 
on figure l(b) . 


CONCLUDING REMARKS 


Forces and moments have been measured in the Langley 4- by 4-foot 
supersonic pressure tunnel at a Mach number of 1.6 on bombs of two 
different bluff shapes and on a swept-wing fighter-bomber airplane con- 
figuration for a large number of positions of the bombs under an open 
bomb bay. The results show that, in general, the wing has a noticeable 
effect on bomb forces and moments. These effects, however, are not as 
large as the. effects of the wing on the streamlined bombs of NACA 
RM L 56 II 8 . The bluff bombs have a significant effect on airplane lon- 
gitudinal characteristics as the strong bow shock of the bombs passes 
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over the airplane horizontal tail. The homh data are presented in the 
form of contour maps suitable for trajectory calculations . 


Langley Aeronautical Laboratory, 

National Advisory Committee for Aeronautics, 
Langley Field, Va., January 2, 1957- 
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TABLE I 


INDEX TO MDDEL CONFIGURATIONS AND BASIC-DATA FIGURES 


Bomb 

Wing 

Tail 

V 

deg 

wf* 

deg 

x, in. 

Range of z, in. 

Figure 






-1.50, 2.70, 6.70 

0 to 6 





U y XJLU 

u 

8.70, 10.70 

0 to 10 





0 


- 1 . 05 , 2 . 95 , 6 . 95 , 8 . 95 , 10.95 

®0 to 20 




Off 

±5, ±10, ±15 

4 

- 1 . 05 , 2 . 95 , 6.95 

0 to 6 

5 




8 . 95 , 10.95 

0 to 10 





8 

-1.17, 2 . 85 , 6.85 

0 to 6 





xj_u 

8.85, 10.85 

0 to 10 





0 


2.70 

*0 to 18 or 20 





0, ±10 

0 

lO.fO 

0 to io 


Spool 



0, ±10 

■ 

2.95 

a 0 to 18 or 20 





0 

fl 

10.95 

®0 to 20 

6 


un 

un 

±10 

B 

10.95 

0 to 10 




0 

8 

2.85 

®0 to 18 





0, ±10 

IO.85 

0 to 10 





0, ±10 

0 

-1.30 

0 to 6 



Off 


0 


-1.03 

a 0 to 20 

*7 


Off 

±5, ± 10 , ±15 

4 

- 1.05 

0 to 6 

7 




0, ±10 

8 

- 1.17 

0 to 6 





0, ±10 


-1.50, 2.70, 6.70 

0 to 6 


i 



0 

10.7 

0 to 10 





0 


- 1 . 05 , 2 . 95 , 6 . 95 , 10.95 

°0 to 20 


Cylindrical 

n-n 

n-p-p 

±5, ±10, ±15 

4 

- 1 . 05 , 2 . 95 , 6.95 

0 to 6 

8 

Oil 

uxx 


10.95 

0 to 10 




0, ±10 

8 

-1.17, 2.85, 6.85 

0 to 6 


1 



10.85 

0 to 10 



^rag coefficients for values of z greater than 10.0 are not plotted. 
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Bomb drag coefficient. 
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Bomb angle of attack, at,, deg 


(a) Spool bomb. 

Figure 3-- Aerodynamic characteristics of the isolated bombs. 


Bomb lift coefficient, C. Bomb pitching-moment coefficient, 
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(a) Concluded. 


Figure 3»- Continued 


Bomb drag coefficient. 
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Bomb angle of attack, a b , deg 


(b) Concluded. 


Figure 3-- Concluded 
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(a) Continued. 
Figure k-.- Continued 
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(b) Continued. 
Figure 4.- Continued. 
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Bomb drag coefficient, 
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0 2 4 6 8 10 

0 2 4 6 8 10 

Vertical location of bomb midpoint, z, in. 


(a) Values of x from -1*05 to -1*50 inches* 


Figure 5*- Force data for spool bomb in presence of wing-fuselage 

combination* 





Bomb lift coefficient, C. Bomb lift coefficient 
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(a) Continued. 


Figure 5*- Continued 



Bomb pitching - moment coefficient, C m Bomb pitching - moment coefficient, 
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(a) Concluded. 


Figure 5 .- Continued 




Bomb drag coefficient, 
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Vertical location of bomb midpoint, z, in. 
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(To) Values of x from 2,70 to 2,95 inches* 


Figure 5«- Continued 


Bomb lift coefficient, C, Bomb lift coefficient, 
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0 2 4 6 8 10 12 14 16 18 20 


Vertical location of bomb midpoint, z, ia 


(b) Continued, 


Figure 5«- Continued 



(b) Concluded, 
Figure 5.- Continued. 



Bomb drag coefficient, 
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0 2 4 6 8 10 

Vertical location of bomb midpoint, Z, in. 


(c) Values of x from 6 . 70 to 6.95 inches. 


Figure 5»- Continued 


Bomb lift coefficient, C ( Bomb lift coefficient, 
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Bomb pitching — moment coefficient, C m Bomb pitching - moment coefficient, 
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0 2 4 6 8 10 12 14 16 18 20 

Vertical location of bomb midpoint, z, ia 

(c) Concluded. 


Figure 5*- Continued 




Bomb drag coefficient, 
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(d) Values of x from 8.70 to 8.95 inches. 


Figure 5 • - Continued 



Bomb lift coefficient, C, Bomb lift coefficient 




Vertical location of bomb midpoint, z, in. 


(d) Continued. 


Figure Continued 
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Vertical location of bomb midpoint, z, in 


(d) Concluded, 
Figure 5*- Continued, 




Bomb drag coefficient, 
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(e) Values of x from 10. 70 to 10.95 inches 
Figure 5*- Continued. 



Bomb lift coefficient, C, Bomb lift coefficient, 
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0 2 4 6 8 10 12 14 16 18 20 


Vertical location of bomb midpoint, z, ia 

(e) Continued. 


Figure 5*- Continued 


Bomb pitching- moment coefficient, C m Bomb pitching - moment coefficient, 
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(e) Concluded. 


Figure 5*- Concluded 


Bomb drag coefficient, 
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0 2 4 6 8 10 

Vertical location of bomb midpoint, z, ia 


(a) Values of x from 2-70 -to 2.95 inches. 

Figure 6.- Force data for spool bomb in presence of wing-fuselage -tail 

combination. 



Bomb lift coefficient, C L Bomb lift coefficient, 
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(a) Continued* 


Figure 6.- Continued 








0 2 4 6 8 10 12 14 16 18 20 

Vertical location of bomb midpoint, z, in. 

(a) Concluded. 

Figure 6.- Continued. 
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Bomb drag coefficient , 
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0 2 4 6 8 10 

0 2 4 6 8 10 

Vertical location of bomb midpoint, z, in. 


(b) Values of x from 10. 70 to 10.95 inches. 
Figure 6.- Continued. 



Bomb lift coefficient, C. Bomb lift coefficient 
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2 4 6 8 10 12 14 16 18 20 

Vertical location of bomb midpoint, z, in. 


(t>) Continued. 


Figure 6.- Continued 
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(t) Concluded. 
Figure 6.- Concluded. 


Bomb drag coefficient, 
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0 2 4 6 8 10 

Vertical location of bomb midpoint, z, ia 


Figure 7*- Force data for spool bomb in presence of fuselage. 

of x from - 1.05 to -l.JO inches. 



Values 


Bomb lift coefficient, C, Bomb lift coefficient, 
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Vertical location of bomb midpoint, z, in. 


Figure 7 .- Continued. 





Figure 7.- Concluded. 



Bomb drag coefficient, 
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0 2 4 6 8 10 

Vertical location of bomb midpoint, z, ia 


(a) Values of x from -1*05 to -1*30 inches* 

Figure 8*- Force data for cylindrical bomb in presence of wing-fuselage 

combination* 



(a) Continued. 
Figure 8.- Continued. 
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(a) Concluded. 
Figure 8.- Continued 


Bomb drag coefficient, 
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0 2 4 6 8 10 

Vertical location of bomb m id point, z, in. 


(b) Values of x from 2.70 to 2.95 inches. 
Figure 8.- Continued. 




Bomb lift coefficient, C> Bomb lift coefficient, 
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Vertical location of bomb midpoint, z, in. 


(b) Continued. 
Figure 8.- Continued 


Bomb pitching - moment coefficient. C m Bomb pitching - moment coefficient, 

iIIl • 
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0 2 4 6 8 10 12 14 16 18 20 

Vertical location of bomb midpoint, z, in. 


(b) Concluded. 


Figure 8.- Continued 



Bomb drag coefficient, 
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0 2 4 6 8 10 

Vertical location of bomb midpoint, z, in. 


(c) Values of x from 6 . 70 to 6.95 inches 
Figure 8.- Continued. 



(c) Continued, 
Figure 8,- Continued, 




Bomb pitching - moment coefficient, C m Bomb pitching - moment coefficient, 
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(c) Concluded. 
Figure 8.- Continued 


drag coefficient, 
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Vertical location of bomb midpoint, z, in. 


10 


(d) Values of x from 10. 70 to 10.95 inches. 
Figure 8.- Continued. 
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(d) Continued, 
Figure 8,- Continued 


Bomb pitching - moment coefficient, C m Bomb pitching - moment coefficient, 
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(d) Concluded. 


Figure 8.- Concluded 



(a) oj, = 15°. 

Figure 9*- Contour plot of drag coefficients of spool bomb in presence of wing-fuselage 

combination. 
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Vertical location of bomb midpoint. 


Bomb bay £ 



Horizontal location of bomb midpoint, x, in. 


(b) a b = 10°. 
Figure 9*- Continued. 






Vertical location of bomb midpoint, 
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Horizontal location of bomb midpoint, x, in. 


(d) a b = 0°. 


Figure 9*- Continued. 
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Vertical location of bomb midpant, 




Vertical location of bomb midpoint, 



Horizontal location of bomb midpoint, x, in. 
(a) % = 15 °. 


Figure 10.- Contour plot of lift coefficients of spool bomb in presence of wing-fuselage 

combination. 
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Vertical location of bomb midpoint. 



(c) % = 5°. 

Figure 10.- Continued. 
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Horizontal location of bomb midpoint, x, in. 

(d) = 0°. 


Figure 10.- Continued. 



Vertical location of bomb midpoint, 



(e) ot^ = -5°. 
Figure 10.- Continued. 
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Vertical location of bomb midpoint \ 



Figure 10.- Continued. 
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Vertical location of bomb midpoint ‘ 






Horizontal location of bomb midpoint, x, in. 


(b) a b = 10°. 
Figure 11.- Continued. 






\ferticot location of bomb midpoint. 



(d) Oh = 0°. 

Figure 11.- Continued. 
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Figure 11.- Continued. 
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Vertical location of bomb midpoint. 



Figure 11.- Continued. 


NACA EM L57A23 




(g) <x b = - 15 °. 
Figure 11 . - Concluded . 
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ybrtico! location of bomb midpoint. 



Figure 12.- Continued. 
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Vertical location of bomb midpoint. 



(c) % = 5°. 

Figure 12.- Continued. 
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Horizontal location of bomb midpoint, x, in. 


(d) oj, = 0°. 


CD 


04 


Figure 12.- Continued. 
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Vertical location of bomb midpoint. 



Horizontal location of bomb midpoint, x, in. 


(g) = -15°. 

Figure 12.- Concluded. 
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Vertical location of bomb midpoint, 



Figure 13 .- Contour plot of lift coefficients of cylindrical bomb in presence of wing-fuselage 

combination. 
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Vbrtico! location of bomb midpoint ; 


Bomb bay l 



Horizontal location of bomb midpoint, k, in. 
(b) a b = 10°. 


Figure 13.- Continued. 
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Vertical location of bomb midpoint, 



Figure 15*- Continued. 
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(a) ab = 0° 


Figure 13.- 
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Figure 13.- Continued. 
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(f) a b = -10°. 
Figure 1 $ . - Continued. 
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Figure 13..- Concluded, 
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Vertical location of bomb midpoint. 



(c) a b = 5°. 
Figure 14.- Continued. 
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(g) a b = -15°. 
Figure lk - . - Concluded. 
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Wing-fuselage lift coefficient , 
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(c) Pitching-moment coefficient. 
Figure 18.- Concluded. 


MCA RM L57A23 








0 I 23456789 10 

Vertical location of bomb midpoint, z , in. 


5 

!> 




v>t 


(*b) Lift coefficient * 
Figure Continued 






Wing-fuselage drag 



(a) Drag coefficient. 

Figure 20.- Force and moment data for wing-fuselage combination in presence of spool bomb 

off: x = 8.70 to 8.95 inches. 
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(c) Pitching -moment coefficient. 


Figure 20.- Concluded. 
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Wing-fuselage drag coefficient , C D 
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(a) Drag coefficient. 

Figure 22.- Force and moment data for wing -fuselage combination in the presence of cylindrical 

bomb. Tail off: x = -1.05 to -1.30 inches. 
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(b) Lift coefficient. 
Figure 22.- Continued 
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(a) Drag coefficient. 

Force and moment data for wing-fuselage combination in presence of cylindrical bomb 

Tail off: x = 2.70 to 2.95 inches. 
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Wing-fuselage pitching -moment coefficient, 
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(a) Drag coefficient. 

Figure 24.- Force and moment data for wing -fuselage combination in presence of cylindrical bomb 

Tail off; x = 6.70 to 6.Q5 inches. 
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(c) Pitching -moment coefficient. 
Figure 25- - Concluded. 
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(a) oj, = 15 °. 

Figure 26 .- Contour plot of drag coefficients of wing-fuselage combination in presence of spool 

bomb. 
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Figure 26.- Continued. 
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Vertical location of bomb midpoint. 



Figure 26.- Continued 
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Vertical location of bomb midpoint, 



Figure 26.- Continued. 
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Vertical location of bomb midpoint, 



Figure 26.- Continued 
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Figure 26.- Concluded. 
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Figure 27-- Continued 
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Vertical location of bomb midpoint. 



Figure 27*- Continued. 
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Vertical location of bomb midpoint. 



Figure 27«- Continued* 
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Vertical location of bomb midpoint. 



(f) = -10°. 

Figure 27. - Continued. 
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Horizontal location of bomb midpoint , x, in. 

(c) a b = 5°. 

Figure 28.- Continued.. 
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(d) % = 0°. 

Figure 28 .- Continued. 
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Vertical location of bomb midpoint. 



(e) ct^ = -5°. 
Figure 28.- Continued. 
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(f) a b = -10°. 
Figure 28.- Continued. 
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Figure 28.- Concluded 
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Figure 29. - Contour plot of drag coefficients of wing-fuselage combination in presence of cylin- 
drical bomb. 
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(b) <x b = 10°. 


Figure 29*- Continued. 
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(c) a b = 5°. 
Figure 29*- Continued. 
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Figure 29 .- Continued. 
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(e) a b = -5°. 

Figure 29-- Continued. 
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Figure 29 •- Continued. 
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Horizontal location of bomb midpoint, x, in. 


(g) % = -15° • 


Figure 29.- Concluded. 
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Horizontal location of bomb midpoint, x, in. 


(a) a b = 15 °. 

Figure 30.- Contour plot of lift coefficients of wing-fuselage combination in presence of cylindri- 
cal bomb. 
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Figure 30.- Continued. 
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Figure 50.- Continued. 
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Horizontal location of bomb midpoint, x, in. 


(g) % = -15°. 

Figure 30.- Concluded. 
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(b) Oh = 10°. 

Figure 31.- Continued. 
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Horizontal location of bomb midpoint, x, in. 


(c) a b = 5°. 
Figure 31.- Continued 


H 

G\ 


MCA RM L57A23 




!Q I I I I I I I I I I I I I I I I I 

-4 -2 O 2 4 6 8 10 12 

Horizontal location of bomb midpoint, x, in. 


H 

ON 

00 





(d) a b =0°. 
Figure 31.- Continued. 
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Figure 31.- Continued. 
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Figure 32.- Continued. 
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